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© Electronic range of motion apparatus for orthosis, prothesis and CPM machine. 



© A therapeutic electronic range of motion appara- 
tus includes a remote subsystem for generating mo- 
tion commands which are transmitted to a local 
subsystem at an orthosis, prosthesis or CPM ma- 
chine. The local subsystem includes a local control- 
^ler for controlling and monitoring the position, speed, 
q and direction of an actuator which moves an orthotic 
CD 



brace, prosthesis or CPM machine mounting. The 
apparatus is programmable enabling a patient to 
program stopping positions which thereafter are 
selectable by command. When the actuator is not in 
motion the local controller enters a sleep mode to 
conserve power. The controller is automatically 
awakened when a motion command is received. 
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FIELD OF THE INVENTION 



This invention relates to an electronic range of 
motion apparatus for motorized control of a human 
or artificial limb's position. More particularly this 
invention relates to a user-programmable electronic 
range of motion apparatus having multiple range 
capability for use as an orthosis, prosthesis or 
continuous passive motion machine. 



BACKGROUND 

The electronic range of motion apparatus of 
this invention is adapted for use as or with an 
elbow, knee, wrist or ankle and relates to orthoses, 
prostheses and continuous passive motion (CPM) 
machines. 

With regard to orthotic elbow devices, non- 
powered mechanical systems, of a ratchet-lock 
joint design are the most common. In such design, 
a spring-loaded pawl, for example, engages a tooth 
of the ratchet wheel when the joint is flexed. The 
pawl is released by flexing the joint to its maximum 
or by a shoulder or finger controlled cable. 

Another common elbow orthosis is a "dorsal 
elbow flexor orthosis". This orthosis is used in 
cases where an elbow must be stabilized ortho- 
tically at a desired degree of flexion-extension, with 
the ability to adjust the flexion-extension setting as 
the patient progresses through rehabilitation. It is 
non-electronic and only serves to stabilize the el- 
bow at the desired degree of flexion-extension. The 
orthosis is not designed or intended to provide 
articulated motion as does this invention. The de- 
gree of flexion-extension of the "dorsal elbow flexor 
orthosis" typically is attained by rotating a screw 
turnbuckle assembly. 

Other orthotic devices include powered elbow 
orthotic devices, which typically incorporate a CO2 
piston and cylinder actuator. Such devices are 
cumbersome and require the wearing of a shoulder 
harness to hold the elbow control mechanism in 
place. 

It is an object of this invention to provide an 
electronic range of motion apparatus for an elbow 
orthosis which does not require application of a 
harness and may fit under a patient's shirt sleeve. 

With regard to prostheses, the Utah Arm™ is 
representative of a state-of-the-art prosthetic elbow. 
Such prosthesis is an electronic battery powered 
above-elbow prosthesis that is myoelectrically con- 
trolled. Position locking of the elbow assembly is 
accomplished via a sliding member located in the 
elbow molding, which engages an aluminum cir- 
cumferential locking ring which is insert-molded 
into the forearm structure. The circumferential lock- 



ing ring contains detent holes which allow the arm 
to be locked in 21 positions. 

The elbow component is operated by a dc 
motor that drives a gear train/clutch system, which 

5 rotates an output shaft into two positions 180 de- 
grees apart. The output shaft is connected to a 
spring, such that in each of its two rotational posi- 
tions, the locking member is spring-biased to be in 
the locked or unlocked position. 

10 Prosthetic elbows typically are either passive, 

body-powered, cable controlled, or myoelectrically 
controlled. Prosthetic devices including the Utah 



50 



Arm 1 



are non-processor controlled, either 



myoelectrically or mechanically operated, and offer 
75 between 8 and 21 fixed locking positions. 

It is an object of this invention to provide a 
processor controlled apparatus for orthotics and 
prosthetics. 

It is another object of this invention to provide 

20 an electronic range of motion apparatus having a 
screw-jack type actuator that is infinitely variable 
and locking in approximately 200 positions in the 
normal range of 140 degrees of travel from full- 
extension to full-flexion. 

25 It is another object of this invention to provide 

an electronic range of motion apparatus having a 
user-programmable microcontroller enabling pro- 
gramming of stop positions by the user. 

It is another object of this invention to provide 

30 a wireless remote control system enabling conve- 
nient operation and control by the user. Previously 
locking flexion-extension positions could not be al- 
tered or changed by the patient. 

Continuous Passive Motion (CPM) machines 

35 are powered therapy devices that move a patient's 
affected joint (elbow, knee, shoulder, or other) 
through a controlled range of motion. Simply stat- 
ed, a CPM machine is a therapy machine that is 
used for gentle muscle stretching, or following sur- 

40 gery to rehabilitate the joint. Prior CPM machines 
have been large and cumbersome. 

It is an object of this invention to provide a 
portable CPM machine for use outside the hospital 
or rehabilitation center providing flexion and exten- 

45 sion for a joint or a human limb by controlled 
articulation of the affected joints and muscles. 



SUMMARY OF THE INVENTION 

These and other objects of the invention are 
accomplished by an electronic range of motion 
apparatus adapted for an orthosis, prosthesis or 
CPM machine. The range of motion machine in- 
cludes a local controller for controlling the speed. 
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position and direction of motion of an actuator via 
an electric motor and transmission gears. The local 
controller is programmable by the user to define 
stop positions of the actuator during flexion or 
extension. Photosensors are used to sense the 
actuator movement and feedback signals to the 
local controller so as to control the actuator speed 
and position. Nonvolatile memory is included so 
that the stop positions are saved even when the 
machine is turned off. 

During normal use, a user operates a switching 
mechanism such as a voice-actuated switch, me- 
chanical switch, or myoswitch to cause the actuator 
to move to a specific stop position in a specific 
direction. The inputs from the automatic switching 
mechanism are fed to a remote controller which in 
turn feeds the signals to the local controller via an 
RF transmitter and an RF receiver. 

This invention may be used to gradually in- 
crease the patient's flexion and extension ability 
with gentle stretching utilizing the self-program- 
mable feature and multiple range options. 

A preferred embodiment described is an elbow 
orthosis for external control of an elbow which, for 
example, has flaccid paralysis but retains signifi- 
cant range of motion. This occurs in a variety of 
medical conditions including partial and complete 
brachial plexus injuries, traumatic and disease re- 
lated nerve palsies, and certain neuromuscular dis- 
eases such a polio and muscular dystrophy. In the 
ideal circumstance, the hand will retain some sen- 
sation and some useful function, and the primary 
loss will be the ability to voluntarily flex and extend 
the elbow. Prior to the development of this inven- 
tion flexion and extension had been restored using 
mechanical components with less than -1 5 locking 
positions. Control mechanisms required mechanical 
harnessing or the use of electrical wires, resulting 
in a cumbersome device. 

This invention may also be applied for the 
treatment of individuals with more generalized pa- 
ralysis of the arms as well as other parts of the 
body. Such individuals may have spinal cord in- 
juries, or more severe neurological defects. Where 
additional arm paralysis is present, the invention 
may be combined with conventional hand and wrist 
bracing depending upon the patient's particular 
medical condition. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the electronic 
range of motion apparatus of this invention. 

Figs. 2a-b are diagrams of a voice activated 
embodiment of the automatic switch mechanism. 

Fig. 3 is a diagram of a mechanical switch 
embodiment of the automatic switch mechanism. 



Fig. 4 is a schematic of the remote controller 
and RF transmitter circuits. 

Fig. 5 is a flow chart of the remote controller 
software. 

5 Fig. 6 is a electrical schematic of the local 

controller, receiver and motor circuits. 

Fig. 7 is a sectional view of the motor- 
transmission-actuator mechanical assembly. 

Fig. 8 is an exploded view of the mechanical 
io assembly of Fig. 7. 

Figs. 9a-h are flow charts of the Local Con- 
troller software. 

Figs. 10a-c are lateral, anterior and posterior 
views of the mechanical assembly of Fig. 7 adapt- 
rs ed on an orthotic brace. 

Fig. 1 1 is a perspective view of an above- 
elbow prosthesis embodiment of this invention. 

Fig. 12 is a perspective view of a CPM 
machine embodiment of this invention for a knee 
20 joint. 

Fig. 13 is a diagram of a control panel for a 
CPM machine embodiment. 

Fig. 14 is a diagram of a control panel for 
the orthosis and prosthesis embodiments of this 
25 invention. 

Detailed Description 

A block diagram of the preferred embodiment 

30 of the range of motion apparatus 10 is shown in 
Fig. 1. A remote subsystem 12 includes an oper- 
ator switching mechanism 14, a remote controller 
16, and an RF transmitter 18. The operator switch- 
ing mechanism may be a voice-actuated switch, a 

35 mechanical switch, or a myoswitch. The remote 
- controller 16 monitors - the operator switching 
mechanism 1 4 for commands to move the actuator. 
The operator may generate sequential "up" com- 
mands or "down" commands through the operator 

40 switching mechanism 14 to control the direction 
and degree of movement of the orthosis. 

Referring to Figs. 2a and 2b, a voice actuated 
switch 20 and corresponding electrical block dia- 
gram is shown. The switch 20 may be positioned 

45 about the neck to pick up sound waves through 
transducer 22. The sound waves are converted into 
electrical signals by the transducer 22, then am- 
plified by preAmp 24. The amplified signal is input 
to two channels, one channel for detecting an n up" 

so command, the other channel for detecting a 
"down" command. In the first channel, band-pass 
filter 26 filters the amplified signal. For the appro- 
priate voice command, voltage level detector and 
time delay circuit 28 outputs an "up" command 

55 signal to the remote controller 16. Similarly, in the 
second channel band-pass filter 30 filters the am- 
plified signal. Again for the appropriate voice com- 
mand, voltage level detector and time delay circuit 
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32 outputs a "down" command signal to the re- 
mote controller 16. 

Referring to Fig. 3, a mechanical switch 34 
may be worn as a ring and operated with a 9 V dc 
voltage source. The switch 34 includes a first but- 
ton 36 for generating an "up" command signal and 
a second button 38 for generating a "down" com- 
mand signal. The respective "up" or "down" com- 
mand signals are received by the remote controller 
16. 

As illustrated in Fig. 4, an electrical up input is 
received at transistor 40 from, for example, a voice 
actuated switch 20 (such as from the level detect 
and time delay 28 of Fig. 2b), mechanical up 
switch 36 (see Fig. 3) or a myoelectric sensor (not 
shown). Similarly the down input is received at 
transistor 42 from a voice actuated switch 20, me- 
chanical down switch 38 or a myolectric sensor, in 
addition, switches 37 and 39 are located at the 
remote processor assembly to provide convenient 
back-up switches for entering an up command or 
down command. 

The remote controller 16 may be an 8748AH 
microprocessor, although other microprocessors 
may be used. Controller 16 turns on the radio 
transmitter 18 causing the transmission of an en- 
coded signal to the local subsystem 44 (see Fig. 
1). The radio transmitter 18 is a low-power VHF 
transmitter modulated with digital data generated 
by the remote controller 16. 

The encoded signal is in the form of a 16 bit 
word that corresponds to a particular function. The 
first ten bits correlate to the last three digits of a 
given serial number for a specific apparatus 10. 
The serial number is included in the encoded sig- 
nal to ensure that the radio transmission from one 
unit will not activate another unit when two units are 
in close proximity and the prevent the local control- 
ler 60 from being activated by random electrical 
magnetic interference (EMI). The next six (6) bits 
offer a choice of 64 operational codes. Referring to 
Fig. 4, a jumper may be used to hardwire the serial 
number. 

When an input is received by transistor 40 or 
42. the current is provided to transistor 46 putting it 
into an "on" state. Transistor 46 then provides 
power to microprocessor 16. The processor 16 
checks pins P10 and P11 to determine whether the 
input is an "up" or "down" input. 

After the encoded signal is transmitted, the 
remote controller 16 goes into a power down mode 
and turns off the radio transmitter 18 to conserve 
battery life while waiting for the next operator com- 
mand. A bit (P12 of microprocessor 16 in Fig. 4) is 
set to retain power switching transistor 46 in an 
"on" state while the microprocessor 16 sends the 
16 bit serial code by P13 to the transmitter 18 key 
input. There is a short delay while the microproces- 



sor waits from an up or down input on P10 or P11. 
If no input is received after a period of time, P12 
goes to a "0" state which puts transmitter 46 in an 
off state, thereby removing power to the processor 

5 16 putting itself to sleep. 

A flowchart for the software of remote controller 
16 is shown in Fig. 5. When the operator switching 
mechanism 14 is activated, the power up of remote 
controller 16 is triggered as step 47. The hardwired 

70 apparatus serial number then is read at step 48 
from bits P16-P27 (see Fig. 4). The controller 16 
then reads the operator command at step 50. If an 
"up" command is received, step 52 is executed 
causing an encoded signal of the "up" command 

75 and serial number to be output to the transmitter 
18 for transmission to the local subsystem 44. If a 
"down" command is received, step 54 is executed 
causing an encoded signal of the "down" com- 
mand and serial number to be output to the trans- 

20 mitter 18 for transmission to the local subsystem 
44. The controller 16, then goes into a power down 
mode at step 56 as previously described. 

Because the apparatus 10 is wireless, simple 
interchange of a variety of control options is possi- 

25 ble from various parts of the body, which do not 
necessarily need to be in close proximity to the 
affected limb. 

Referring to Figs. 1 and 6, the local subsystem 
44 includes an RF receiver 58 for receiving the 

30 encoded signal and a local controller 60 for pro- 
cessing the encoded signal. 

The receiver 58 is a tuned RF receiver which 
detects the encoded signal from the transmitter 18 
and outputs encoded digital data to the local con- 

35 troller 60. The local controller 60 may be an 
8748AH microprocessor, although other micropro- 
cessors may be used. Preferably, the local control- 
ler 60 is capable of receiving 64 different encoded 
signals, thus allowing for a variety of functions and 

40 sophisticated control designs. 

The local controller 60 provides three functions, 
two during normal operation. First, the local control- 
ler 60 interprets the encoded digital data input from 
the radio receiver 58 to identify whether an "up" 

45 command or a "down" command is received. Sec- 
ond, it controls the position and speed of the linear 
actuator 62. The third function, the function which 
does not occur during normal operation, is the 
operation of a "learn mode" during which the oper- 

50 ator can program flexion-extension stop points for 
the actuator's movement. Stop positions may be 
programmed from a range of approximately 200 
positions. 

Referring to Fig. 1, the actuator 62 is under 
55 local controller 60 control via motor 64 and trans- 
mission 66. Referring to Figs. 7 and 8, the motor- 
transmission-actuator mechanical assembly is 
shown in plane and exploded views. The motor 64 
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may be a permanent magnet direct current motor 
with conventional brush and commutator for com- 
mutating the current through the armature. The 
transmission 66 is a two-stage reduction system. In 
the first stage, a 10 tooth pinion gear 68 on the 5 
motor 64 drives a 32 tooth drive gear 70 to provide 
a 3.2 gear reduction. Drive gear 70 is connected to 
another 10 tooth pinion gear 72 by gear shaft 73 
which in turn drives a 44 tooth idler gear 74 moun- 
ted on the actuator lead screw 78. to provide a io 
gear reduction of 4.4 in the second stage. The 
overall gear reduction for the transmission 66 is 
14.08 although other gear reductions and transmis- 
sion assemblies may be used. 

Ball bearings 76 hold the lead screw 78 inside is 
the transmission case 80 and are mounted on the 
lead screw 78 to accommodate the high thrust 
loads incurred during operation. The transmission 
case 80 has a cover 82 and gimbal holes 84 for 
attachment to an orthosis or prosthesis or CPM 20 
machine mount. 

The actuator 62 includes a lead screw 78 re- 
ceived into one end of a ram 86 within a ram 
housing 88. A heim ball joint 90 (shown only in Fig. 
7) is received into the other end of ram 86. The 25 
ram is constructed of three-eighth inch diameter 
stainless steel. The lead screw 78 is made of brass 
having approximately 28 threads per inch. The lead 
screw turns at 300-1500 revolutions per minute, 
fast enough to move the brace the full length of 30 
travel in approximately 2 seconds. Other materials 
and constructions, however, may be used. 

The actuator 62 is oriented for the line of the 
lead screw 78 to intersect the attachment points 
84, 90 to minimize binding forces in the assembly. 35 
The proximal attachment point 84 is a gimbal, while - 
the distal attachment point is a heim ball joint 90. 
By using ball and gimbal type attachments, the 
attachment points are self aligning. 

Referring again to Figs. 1 and 6, a full exten- 40 
sion sensor 92, embodied as a mechanical down 
limit switch 92', senses that the ram 86 has 
reached the end of its extension. The local control- 
ler 60 uses this signal to indicate a 'zero* or refer- 
ence position of actuator 62. 45 

Two photo interrupter sensors 96, 98 mounted 
on a photo-interrupter PC board 99 (see Rg. 7) 
provide inputs to the local controller 60 to enable 
controller 60 to determine the position, speed and 
direction of the actuator 62. Photo interrupter sen- so 
sor 96 provides a light circuit that includes a light 
emitting diode 100 and phototransistor 102 (see 
Fig. 6). The second photo interrupter sensor 98 
also provides a light circuit that includes a light 
emitting diode 104 and a phototransistor 106. The ss 
light emitted from the respective LE.D.s 100, 104 
is reflected off a reflective portion of a photo- 
interrupter encoding wheel 108 and detected by 



the respective phototransistors 102, 106 so that two 
phase-related pulse trains are generated and re- 
ceived by the local controller 60. By dectecting the 
phase of the two pulse streams, the controller 60 
can determine whether the lead screw 78 is turning 
clockwise or counterclockwise (and thus whether 
the actuator is extending or flexing.) Using the zero 
point as a reference, the local controller can com- 
pute the position based on the number of pulses 
received by correlating (i) the number of pulses to 
the number of rotations of lead screw 78 and (ii) 
the number of rotations to the distance the actuator 
moved. The number of reflective surfaces, the dis- 
tance between reflective surfaces in the encoder 
wheel and the threads per inch of the lead screw 
define the conversion factors. In addition, the time 
between corresponding pulses in the two respec- 
tive pulse trains is measured to determine the 
speed of the actuator. 

Other light circuits also may be used, such as 
an encoder wheel having one or more holes and an 
L.E.D. and phototransistor positioned on opposite 
sides of the wheel. In such other circuit the pulse 
trains are generated by the periodic passing of 
light through the holes in the encoder wheel. 

The position of the actuator 62 is calculated by 
the number of revolutions the lead screw 78 turns 
from its home position. This value is stored in a 
register inside the local controller 60. As the lead 
screw 78 rotates, this value is incremented. The 
current value of the register tells the local controller 
60 the position of the actuator 62. If the local 
controller 60 receives a command to move the 
actuator 62 to a new position, it will compare the 
desired position's value with the value, that is cur- 
rently in the register. If the register valuers greater 
or less than the current position, the local controller 
60 will turn on the motor in the appropriate direc- 
tion of rotation to increase or decrease the value of 
the position until it matches the desired position. At 
that point the actuator 62 is stopped. It is also 
important to note that the controller 60 will control 
the speed of the actuator 62 during movement to 
prevent overshoot and provide a smooth motion. If 
the actuator 62 must travel a relatively long dis- 
tance the local controller 60 will cause it to move at 
a relatively high speed until the actuator 62 gets 
close to the stopping position. The actuator 62 is 
then slowed to stop at the correct position. 

To control the position and speed of the ac- 
tuator, the controller 60 outputs three one-bit sig- 
nals to the motor control integrated circuit 124 to 
control four drive states. The first drive state is the 
coast state where no electrical force is applied to 
the motor. The second drive state is left rotation for 
the up (flexion) direction. The third drive state is 
the right rotation for the down (extension) direction. 
The fourth drive state is electrodynamic braking. 
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The three signals output to motor control circuit 
124 are (1) forward, (2) reverse, and (3) pulse width 
modulated drive speed voltage. In the coast state 
neither the forward nor the reverse signals are 
active. In the up state the forward signal and the 
drive speed voltage signal control the speed and 
movement. In the down state the reverse signal 
and the drive speed voltage signal control the 
speed and movement. In the braking state, both 
the forward and reverse signals are high, causing 
the motor controller 124 to ground both leads of 
motor 64 providing electrodynamic braking. A com- 
bined use of drive, coast, and brake states are 
used to bring the actuator 62 to a smooth stop on 
position without overshoot. 

Figs. 9a-h show flow charts for the software of 
local controller 60. When the power switch 110 
(see Figs. 1 and 6) is switched on, the actuator is 
fully extended to the end of travel at the 'zero' or 
reference position at step 112. The program switch 
114 (see Figs. 1 and 6) is then polled at step 116 
to determine if it is depressed. If yes, step 118 is 
executed and the system is operated in program 
mode. If not, step 120 is executed and the local 
subsystem 44 goes into sleep mode. 

During program mode the operator uses the 
manual UP and DOWN switches 146, 148 or the 
system's normal operator switching machanism 14 
to flex or extend the actuator to the first position to 
be programmed into memory as a designated stop 
position. As the actuator articulates in the program 
mode the current position register within the local 
controller 60 is incremented or decremented so 
that its value describes the position of the actuator. 
When the operator finds a first position to be 
recorded, the program button 114 is depressed. 
The operator repeats the procedure to program in 
up to 8 stop positions. 

The flow charts for program mode are shown in 
Figs. 9b-9e. Referring to Figs. 6 and 9b, upon 
entering program mode step 122 is executed caus- 
ing microcontroller 60 to set the pulse width modu- 
lation for slow speed drive of the motor 64. Refer- 
ring to Fig. 6, the signal from the local controller 60 
is output to power transistor 126 and then filter 
circuit 128. The filter circuit 128 changes the pul- 
sating dc signal to a smooth dc voltage propor- 
tional to the "on" time of the PWM pulses. The 
motor controller 124 routes the dc voltage from the 
PWM filter 128 to the appropriate leads of motor 
64 to cause rotation in the correct direction or to 
cause braking. Step 130, then is executed at which 
the down limit switch 92' (full extension sensor) is 
read to determine if the actuator is at the full 
extension position. If not, the motor controller 124 
is placed in the reverse mode at step 132 until the 
down limit switch is closed. The down limit switchd 
92' is polled until the actuator is fully extended to 



<EP 0360060A2J_> 



the "zero" or reference position, at which time the 
motor controller 124 is returned to coast. When the 
limit is detected, the "PROGRAM" LED 134 is 
turned on at step 136. 

5 Referring to Fig. 9c, the actuator position regis- 

ter then is reset for the "zero" position at step 138 
and the number of stop positions register is reset 
to zero at step 140. Thus, by pressing the program 
buttons the old stop positions are lost. At step 142 

w the current position register is set to one. At step 
144, the motor drive is set for ensuing motor com- 
mands. 

Referring to Figs. 1, 6 and 9d, the manual up 
switch 146 and manual down switch 148 of the 

15 local subsystem 44 are polled at step 150. If the up 
switch 146 is closed, the actuator 62 is moved up 
one position and the current position register is 
updated at step 154. If the down switch 148 is 
closed, the actuator 62 is moved down one position 

20 and the current position register is updated at step 
152. Then, the manual up and manual down 
switches are repolled by reexecuting step 150. 
When neither switch is closed the program switch 
1 1 4 is polled at step 1 56. If it is not depressed the 

25 manual up and manual down switches are re-polled 
by reexecuting step 150. If the program switch 114 
is depressed, the value in the current position 
register is received in nonvolatile memory 157 as a 
stop point at step 158. Referring to Fig. 9e, the 

30 current position register then is incremented at 
step 160. Referring back to Fig. 9d, step 150 then 
is reexecuted. The polling of the manual up switch 
146, manual down switch 148 and program switch 
114 in learn mode continues until the power switch 

35 110 is turned off. When the power switch 110 is 
shut off the current position and the stop points are 
saved in non-volatile memory. 

When programming in the "program mode", 
the local controller 60 controls the speed of the 

40 motor 64 to run much slower than during normal 
operation. The slow speed enables the user to 
accurately reach the desired flexion-extension point 
and program that value as a stop point. However, 
when in the "program mode" the motor 64 will 

45 increase in speed as the distance of travel from the 
previous stopping point increases. From full-exten- 
sion to full-flexion the motor's rpm will increase two 
to three times. The parameters for minimum and 
maximum lead screw 78 rpm during learn mode 

so are 30 rpm and 100 rpm. 

To operate the apparatus 10 in a normal mode, 
the power switch 110 is turned back on and the 
initialization of Fig. 9a is reexecuted. As a result, 
the actuator is returned to the software zero posi- 

55 tion at step 112. During normal operation the pro- 
gram switch 114 would not be depressed. Thus, 
the local controller 60 would go into sleep mode at 
step 120. 

6 
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Referring to Fig. 9f, in sleep mode a power on 
bit (P16 of controller 60 in Fig. 6) is set to hold 
power transistor 162 on at step 164 and the local 
controller 60 is set to receive commands from the 
receiver 58. At step 166, the desired position is 
compared with the current position, which initially 
will be the same, namely the zero position. Thus, 
the local controller 60 executes step 168 and puts 
itself to sleep by resetting the power on bit, there- 
by turning off its own power. 

When a radio signal is received the controller 
60 is awakened via power switching transistor 170 
(see Fig. 6). At step 166. the desired position is 
compared to the current position. If greater, step 
180 is executed causing the actuator to move in 
the flexion direction. If less, step 182 is executed 
causing the actuator to move in the extension di- 
rection. The desired motor speed then is set at 
step 184 in proportion to the distance to travel. In 
addition, "TO" is tested by the timer interrupt rou- 
tine (Fig. 9h) which is executed every 37.5 micro- 
seconds while controller 60 is in a wakened state. 
At step 172 therein, the encoded digital data is 
read into the controller 60 for processing at a rate 
of 1 bit per 28 interrupts. At step 174 the serial 
number is checked and the data is deciphered to 
determine whether an up command or down com- 
mand is requested. If an up command is request- 
ed, the desired position register is incremented to 
correlate to the next stop position in the flexion 
direction and the direction bit is reset at step 176. 
If a down command, the desired position register is 
decremented to correlate to the next stop position 
in the extension direction and the direction bit set 
at step 178. At step 179 the motor speed register 
is incremented every 28 interrupts. With the regis= " 
ter initially zero, the register functions as a counter 
to define the motor speed. 

The motor speed is determined by the photo 
interrupt routine of Fig. 9g which also clears the 
speed register for the next speed determination. 

At step 181, over the duration of 28 timer 
interrupts a pulse width modulated signal is devel- 
oped by comparing the number of timer interrupts 
(0-27) with the value in the PWM register in the 
accumulator of controller 60: If the value is equal, 
P10 is turned on causing the PWM output transis- 
tor to be turned on. P10 will be reset to an off state 
on the 28th interrupt. This allow a signal with a 
period of approximately 1 millisecond to be gen- 
erated at P10 with a duty cycle ranging from over 
95% (PWM register = 0) to 0% (PWM register = 
27) in 28 steps to be sent to the PWM output 
transistor 126. This provides 28 available voltages 
to the motor. If desired, other timing routines may 
be used. The interrupt routine then returns program 
control to the main program (Fig. 9f) until the next 
timer interrupt or until the subsystem 44 is put to 



sleep. Controller 60 is awakened when the receiver 
58 receives a starting bit and causes transistor 70 
to apply power to the local controller 60. At Step 
164 the power on bit is set (P16 of controller 60 in 

5 Fig. 6) to hold power transistor 162 on and the 
timer interrupt is enabled allowing the controller 60 
to receive commands form receiver 58. The pro- 
gram interrupt routine (Fig. 9g) also is enabled so 
that changes in position can be detected. 

io While the controller 60 is executing in the loop 

of Fig. 9f, the actuator is moving causing the photo 
interrupter sensors to generate interrupts in the 
form of pulse trains caused by the sequential 
breaking of light circuits by the encoder wheel 108. 

rs The flow chart for the photo interrupt routine is 
shown in Fig. 9g. At step 186, the direction bit is 
polled to determine whether the actuator is moving 
up or down. If up (i.e. direction bit reset), the 
current position register is incremented at step 188. 

20 If down (i.e. direction bit set), the current position 
register is decremented at step 190. The actual 
speed is based on the time since the last interrupt 
and the known arc distance between holes or re- 
flective surfaces on the encoder wheel. At step 

25 192, the speed register is compared to the desired 
speed. If approximately equal the PWM register is 
left unchanged. If different, the PWM register is 
incremented or decremented to increase or de- 
crease the motor drive. The PWM register is pe- 
so riodically read by the timer interrupt routine to 
adjust the pulse width modulation so as to control 
the speed of motor 64. The speed register is reset 
at step 194. The interrupt routine then ends return- 
ing program control to the loop in Fig. 9f._ 

35 The loop continues until the desired position 

equals the current position causing the-zcontroller - 
60 to execute step 168 and reset the power on bit 
(P16) thereby turning off its own power and putting 
itself to sleep. 

40 For each time the operator switching mecha- 

nism is activated, the local controller 60 will cause 
the desired position to increment or decrement to 
the next stop position in the direction of movement. 
For example, if the operator switching mechanism 

45 14 is activated twice to move the brace up 
(increase flexion), the actuator 62 will smoothly 
move the angle of the of the orthosis two pro- 
grammed stopping points. The actuator 62 will 
move at normal speed past the undesired stop 

so position(s) until it brakes to a stop at the desired 
position. 

Referring to Fig. 6, a liquid crystal display 189 
provides a digital readout of the degree of flexion 
or extension of the orthosis, prosthesis or CPM 
55 machine. 

With regard to the power sources, one power 
supply 109 from switch 110 of Fig. 6 powers the 
radio receiver 58. This power supply 109 puts out a 
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few milliamps at all times apparatus 10 is on, 
whether awakened or in sleep mode. 

A voltage regulator 200 (see Fig. 6) regulates 
the power supply 109 to supply a regulated 5 volts 
to the local controller 60, the static CMOS-RAM 
157, and the motor controller integrated circuit 124. 
This power supply is activated by the radio re- 
ceiver 58 as the receiver senses a transmission 
signal. The regulator 200 is latched in the ON state 
by a bit (P16) from the local controller 60. This 
power supply is deactivated during sleep mode to 
conserve power. 

The power supply 109 through PWM output 
transistor 126 and filter 128 provides the voltage 
that drives the motor 64. This voltage is variable 
depending on how fast the motor needs to be 
driven. The signal that controls the voltage is the 
PWM drive voltage signal from the local controller 
60. 

Another power supply is a coin-type three volt 
battery 201 (see Fig. 6) that keeps the CMOS-RAM 
157 alive when the power switch 110, is off or the 
local subsystem 44 is in sleep mode. 

The range of motion apparatus as an orthotic 
device is shown in Figs. 10a-b, with an orthotic 
upper arm brace 210 and forearm brace 212. 

Another embodiment of the range of motion 
apparatus 10 is shown in Fig. 11 as an above- 
elbow prosthesis to provide an amputee the same 
programming features, multiple range options, and 
wireless control that the apparatus 10 offers for 
orthotics patients. When applied prosthetically. the 
apparatus 10 is housed in the hollow exoskeletal 
forearm section of the prosthesis 200. The end of 
the ram 86 is affixed inside the humeral section of 
the prosthesis at an appropriate pivot point. 

Apparatus 10 also may be embodied for a 
Continuous Passive Motion (CPM) machine appli- 
cation for (see Fig. 12) joints such as the elbow, 
knee (flexion-extension), ankle (dorsiflexion-plantar- 
flexion) or wrist (flexion-extension or rotation). 

The CPM embodiment accepts only one up 
stopping point and one down stopping point. To set 
the desired flexion-extension stops, the user de- 
presses the up button 1 46 for flexion and the down 
button 148 for extension, stops the brace at the 
desired degree and inputs that stop using either 
the up or down "Enter Stops" buttons 210, 212. 
After the stopping points are programmed, the user 
depresses a start button 208 to begin operation. 

As the user depresses either of the Manual 
Position buttons, the brace will flex or extend ac- 
cordingly and the degree of flexion-extension will 
be displayed on the left side of the LCD display. 
The flexion-extension stops are erased when the 
user programs in new stops. 

A control panel 198 (see Fig. 13) for the CPM 
embodiment includes liquid crystal display (LCD) 



202 having two sets of digits. One set of digits 
indicates the position (degree of flexion-extension) 
of the actuator. The other set indicates how many 
programmed repetitions the user desires to per- 

5 form. The user programs in the number of repeti- 
tions by depressing the 10's and 1's buttons 204, 
206 on the panel. 

Referring to Fig. 14, the orthosis and pros- 
thesis embodiments may include a control panel 

io 196 at which the power switch 110, program switch 
114, manual up switch 146 and manual down 
switch 148 are located. 

While preferred embodiments of the invention 
have been illustrated and described, the invention 

is is not intended to be limited to the exact embodi- 
ments illustrated. 



Claims 

20 

1. A therapeutic electronic range of motion 
apparatus to be worn and operated by a patient, 
comprising: 

an operator switching mechanism for generating a 

25 motion command; 

a digital processing means for receiving and pro- 
cessing the motion command; 
an actuator movable over a range of positions 
under the control of the digital processing means; 

30 means for a patient to program discrete stopping 
positions of the actuator into the digital processing 
means, said stopping positions thereafter selec- 
table by a motion command generated by the 
operator switching mechanism; 

35 means for controlling the speed of the actuator in 
response to a motion command to bypass unselec- 
ted stopping positions and set the speed propor- 
tional to the distance to travel so as to slow down 
the movement of the actuator as it nears a selected 

40 stopping position. 

2. A therapeutic electronic range of motion 
apparatus to be worn and operated by a patient, 
comprising; 

an operator switching mechanism for generating a 

45 motion command; 

a digital processing means for receiving and pro- 
cessing the motion command; 
an actuator movable over a range of positions 
under the control of the digital processing means; 

so means for controlling the speed of the actuator in 
response to a motion command to set the speed 
proportional to the distance to travel so as to 
smoothly slow down the actuator when approach- 
ing a stopping position; 

55 means for automatically switching off power to the 
digital processing means and actuator after a stop- 
ping position is reached; and 
means for automatically restoring power to the digi- 
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tal processing means and actuator in response to a 
motion command. 

3. The apparatus of claim 2, further comprising 
means for a patient to program discrete stopping 
positions of the actuator within the range of posi- 
tions which thereafter are selectable by a motion 
command of the operator switching mechanism; 
and means for retaining the stopping positions 
while power is off. 

4. A method for a patient to program discrete 
stopping positions of a therapeutic electronic range 
of motion apparatus to be worn and operated by 
the patient, comprising the steps of: 

activating a programming mode of the apparatus; 
automatically moving an actuator of the apparatus 
to a reference position; 

automatically moving the actuator from the refer- 
ence position in response to a motion command 
generated by the patient; and 
storing the position of the actuator as a stopping 
position in response to a program command gen- 
erated by the patient. 

5. A therapeutic electronic range of motion 
apparatus to be worn and operated by a patient, 
comprising: 

a remote subsystem comprising an operator 
switching mechanism for generating a motion com- 
mand, the remote subsystem transmitting the mo- 
tion command and an identification code; 
a local subsystem comprising a means for receiv- 
ing the transmitted motion command and the iden- 
tification code, a processing means for processing 
the motion command and the identification code, 
an actuator movable over a range of positions, a 
motor controlled by the processing means for mov- 
ing the actuator in response to a motion command, - 
means for automatically switching off the power to 
the processing means and motor when the actuator 
is not in motion, and means for automatically re- 
storing power to the processing means and motor 
in response to a motion command; and 
means interacting with the processing means of the 
local subsystem for a patient to program discrete 
stopping positions of the actuator which thereafter 
are selectable by a motion command generated at 
the operator switching mechanism, wherein the pa- 
tient (1) activates a programming mode of the 
processing means causing the actuator to move to 
a reference position, (2) generates a motion com- 
mand to automatically move the actuator from the 
reference position, and (3) generates a program 
command causing the current position of the ac- 
tuator to be stored as a stopping position; 
wherein the processing means processes the iden- 
tification code by comparing the code to a fixed 
vaJue to determine if the motion command origi- 
nated from the remote subsystem; and 
wherein the processing means processes the mo- 



tion command by causing the motor to move the 
actuator at a speed proportional to the distance to 
be traveled while monitoring the movement of the 
actuator. 
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© A therapeutic electronic range of motion appara- - 
tus (10) includes a remote subsystem (12) for gen- 
erating motion commands which are transmitted to a 
local subsystem (44) at an orthosis, prosthesis or 
CPM machine. The local subsystem (44) includes a 
local controller (60) for controlling and monitoring the 
position, speed, and direction of an actuator (62) 
which moves an orthotic brace, prosthesis or CPM 
machine mounting. The apparatus is programmable 
enabling a patient to program stopping positions 
which thereafter are selectable by command. When 
the actuator is not in motion the local controller (60) 
enters a sleep mode to conserve power. The control- 
ler (60) is automatically awakened when a motion 
command is received. 
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